Our objective is to compare survival and neurological outcomes among diabetic and nondiabetic patients who were admitted to the hospital after an out-of-hospital cardiac arrest (OHCA). We searched MEDLINE and EMBASE for relevant articles from database inception to July 2018 without any language restriction. Studies were included if they evaluated patients who presented with OHCA, included mortality and neurological outcome data separately for DM patients and Non-DM patients and reported crude data, odds ratio (OR), relative risk (RR) or hazard ratio (HR). Two investigators independently reviewed the retrieved citations and assessed eligibility. The quality of included studies was evaluated using Newcastle-Ottawa quality assessment scale for cohort studies. Random-effect models using the generic variance method were used to create pooled odds ratios (OR) and 95% confidence intervals (CI). Heterogeneity was assessed using the I 2 value. Survival and neurological outcomes (using modified rankin scale and cerebral performance category scale) after OHCA in hospitalized patients with DM compared with patients without DM. Out of 57 studies identified, six cohort studies met the inclusion criteria. In an analysis of unadjusted data, patients with DM had lower 
each additional chronic condition) 5 . Multiple observational studies have demonstrated an association between DM and decreased survival after OHCA. However, the studies have had varying results. Therefore, to further investigate this relationship, we conducted a systematic literature review and meta-analysis with an intention to summarize all published clinical evidence.
Methods
This study was conducted per PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) statement (Supplementary Table) . A systematic literature search of MEDLINE and EMBASE was carried out from inception to July 2018 to identify original studies that investigated the association between DM and survival after OHCA. The systematic literature review was independently conducted by two investigators (DV, AC) using a search strategy that included terms for "diabetes mellitus" and "out-of-hospital cardiac arrest" in human subjects as described in the supplementary table. No language limitation was applied. The last search was performed on July 4, 2018. We contacted the study authors for additional information. Literature search details are explained in the supplementary table. A manual search for further potentially relevant studies using references of the included articles was also performed.
Inclusion criteria also included the following:
1. Observational studies (cross-sectional, case-control or cohort studies) and randomized controlled trials that involved diabetic patients who presented to the hospital after surviving an OHCA. 2. Studies that reported the survival after hospitalization. Hospital survival outcomes were chosen as study outcomes because, though arbitrary, in-hospital mortality will represent a reliable time point to assess short-term mortality where cardiovascular risk factors will play a predominant role. We excluded case reports and case series.
The same investigators independently reviewed the retrieved articles for their eligibility. The Newcastle-Ottawa quality assessment scale (NOS) was used to appraise the quality of included studies in 3 areas including study selection, study comparison, and determination of the outcome of interest 6 . Two co-authors (DV and AC) independently extracted data from the included full-text citations. A structured data collection form was used to extract the following data from each study: title of this study, name of the first author, publication year, study dates, country where this study was conducted, number of subjects, demographic data, definition of DM, methods used to identify and verify DM, OHCA, adjusted effect estimates (odds ratio) with 95% CI and covariates that were adjusted in the multivariable analysis. A third investigator (RG) reviewed this data extraction process to ensure accuracy. All disagreements were resolved with discussion between the two abstractors. Data analysis was performed using the REVIEW MANAGER 5.3 software from the Cochrane Collaboration (London, UK). Unadjusted point estimates from each study were pooled using the inverse-variance method. Adjusted point estimates from each study were pooled using the inverse-variance weighting as described by DerSimonian and Laird, which assigned the weight of each study based on its variance 7 . In light of the high likelihood of heterogeneity due to different study designs, populations and definition of DM, random-effect models were used. Cochran's Q test and the I 2 statistic were used to determine the between-study heterogeneity. was considered statistically significant. A subgroup analysis was performed to assess the study heterogeneity by including studies which have performed robust adjustment for comorbidities (such as chronic obstructive pulmonary disease (COPD)). Sensitivity analysis was also performed to test the robustness of the output and quantify the model's uncertainty by excluding each study one at a time. Funnel plot analysis was performed to evaluate for publication bias.
Results
From a total of 4317 citations identified, 57 studies 9-68 underwent full-length review. Of these, only 6 cohort studies 47, 52, 57, 61, 66, 68 were included for meta-analysis. Figure 1 delineates the study selection details. All the six included studies were performed in different parts of the world, including 2 Asian studies, 2 European studies, a study from Canada and a study from Australia. All studies are cohort studies (5 retrospective and one prospective cohort study). All the studies included participants based on the utstein guidelines. Most studies adjusted for age and gender. The 6 included studies involved 41,561 patients: 10,871 with DM and 30,690 without DM. Table 1 summarizes the included studies in our analysis. When we pooled the results of all six studies, we found a statistically significant association between the presence of DM and survival following out-of-hospital cardiac arrests with a pooled adjusted odds ratio of 0.78, 95% confidence interval (CI) 0.68-0.89, demonstrating patients with DM had poor survival following OHCA. There was moderate heterogeneity between studies with an I 2 of 55%. Figures 2 and 3 illustrate the unadjusted and adjusted forest plot of this meta-analysis. A subgroup analysis of 3 studies which performed robust adjustment of confounders (ex: COPD) resulted in a reduced heterogeneity of I 2 = 0%. Table 2 illustrates the sub-group analysis which demonstrates the reduction in heterogeneity. Sensitivity analysis of included studies revealed similar outcomes with minimal variability in the pooled effect estimate. Table 2 summarizes the results of the sensitivity analysis.
We also found a statistically significant association between favorable neurological outcomes in patients with DM after OHCA with a pooled unadjusted odds ratio of 0.55, 95% CI 0.38-0.80. However, there was a considerable study heterogeneity among these studies with a I 2 of 90%. Figure 4 illustrates the forest plot of this analysis. Subgroup analysis was not performed for this outcome because the events were crude estimates, and due to a relatively small number of included studies. Sensitivity analysis revealed that there was no statistically significant pooled estimate after excluding the study by Ro YS et al., likely due to the exclusion of a study with a relatively large sample size influencing the outcomes. Table 3 summarizes the results of the sensitivity analysis. Figure 5 shows the funnel plot for publication bias for survival outcome after OHCA. The plot is mostly symmetric with studies mostly clustering at the apex and middle of the funnel plot. There were no studies at the bottom of the funnel plot, thus, providing a very less likelihood of publication bias.
Discussion
This systematic review and meta-analysis compared the survival and neurological outcomes among DM and non-DM patients who were admitted to the hospital after an out-of-hospital cardiac arrest (OHCA). To our knowledge, this is the first systematic review and meta-analysis comparing outcomes after OHCA, according to diabetes. We identified a reduced survival among patients with DM with pooled adjusted OR 0.78, 95% confidence interval (CI) 0.68-0.89. A potential explanation for lower survival among DM is because patients with DM are associated with larger myocardial infarction (MI) size and reduced reperfusion leading to higher rates of morbidity and mortality. Moreover, metabolic derangements of patients with DM after OHCA (e.g., increased blood glucose variability leading to hyperglycemia or hypoglycemia) may also contribute to lower in-hospital survival rate. Secondly, we found that patients with DM had poor neurological outcomes (n = 19,832 patients). This is statistically relevant with an unadjusted OR 0.55 (95% CI 0.38-0.80). This is likely due to pre-existing atherosclerotic vascular disease in patients with diabetes who may be at risk for a higher degree of cerebral hypoperfusion during an episode of cardiac arrest.
Although most of the included studies were of high quality as reflected by the high-quality NOS assessment scores, we acknowledge that this meta-analysis has some limitations. Majority of the included studies did not stratify the patients based on the drugs used to treat diabetes, duration of DM and the control of glucose levels by monitoring the HbA1c levels which might have influenced the survival outcomes, and might have explained the heterogeneity among the studies. Misclassification in the diagnosis of DM may have occurred, since some patients with T2DM may be treated only with nonpharmacological therapy such as lifestyle modification. The neurological outcome data in the included studies is limited due to variability of assessment tools used to quantitate neurological outcomes (Cerebral Performance Category scale in studies by Jang et Parry et al.) . Variability in the implementation of post-cardiac arrest hypothermia protocols among the four studies that evaluated neurological outcomes can also explain the heterogeneity of these results.
In summary, this meta-analysis demonstrates significantly lower odds of in-hospital survival after OHCA among DM patients compared with non-DM patients.
Considering the limitations of the data from the included studies, our results should stimulate further research with robust strategies for risk adjustment to elucidate the association between diabetes and poor cardiac outcomes. While DM is a known risk factor for SCA, with these results, future studies are required to determine whether improved blood glucose control reduces the impact of diabetes on the survival outcomes after OHCA. Because risk factors for OHCA, SCA, and CAD are modifiable, appropriate measures to optimize health care utilization in diabetic populations may reduce this gap.
Study Pooled odds ratio with 95% confidence interval
All studies included (random effects model) 0. 55 
